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SPACE SCIENCE ON THE SPACE SHUTTLE:
PLANS AND PROSPECTS

Jeffrey D. Rosendhal
Manager, Advanced Programs and Technology
Astrophysics Division
National Aeronautics and Space Administration
Washington, D.C. 20546

used for carrying out these scientific programs. In the
physical sciences, design studies have been carried out for
several different types of astronomical and solar telescopes,
along with equipment for carrying out major programs in
atmospheric and space plasma research. In the Life Sciences,
efforts have been directed toward defining general objec
tives for Life Sciences space flight research during the
1980s, identifying special mission and spacecraft capabili
ties needed to accommodate Life Sciences research, and
establishing priorities for the acquisition of spacecraft labo
ratory systems and equipment to be provided by NASA in
support of Life Sciences research. Concurrent engineering
studies have considered issues such as the requirements for
instrument control and data handling, the design and per
formance of various types of instrument pointing systems
and the use or adaptation of existing rocket and balloon
instruments for flight on the Shuttle. A substantial part of
this effort has been devoted to attempting the development
of streamlined procedures for getting equipment on the
Shuttle in order to make access to space as simple as

ABSTRACT
An overview is given of current planning for use of the
Space Shuttle and Spacelab for carrying out NASA's pro
gram in Space Science. Major categories of use will be:
(1) As a launch and service vehicle; (2) As an experiment
platform for carrying out passive observations; (3) As a
component in active and controlled experiments in space;
(4) As a manned orbiting laboratory for carrying out inves
tigations requiring hands-on access to equipment and
samples. Examples of each type of use are given. Some of
the multi-user facility instruments which are planned for
early development (Solar Optical Telescope, Shuttle Infra
red Telescope Facility, Chemical Release Module, Life
Sciences Laboratory Equipment) are described. Payloads
to be carried on the early missions (Orbital Flight Test,
Spacelab 1 and Spacelab 2) are discussed with particular
emphasis orr the unique capabilities of Shuttle/Spacelab
to be demonstrated by these missions.

possible for the experimenter.
INTRODUCTION

Several separate and distinct categories of scientific use of
the Shuttle/Spacelab system can be identified. The major
categories are:
1. As a launch and service vehicle;
2. As an experiment platform for carrying out passive
observations;
3. As a component in active and controlled experi

The first manned orbital flight of the Space Shuttle is now
expected to take place in late 1979. This will be the first
of approximately 30 flights expected during the first
three years of Shuttle operations, with an even higher
rate of traffic anticipated during the remainder of the late
1980s and beyond. The Orbiter vehicle, together with the
Spacelab components (Figure 1) being developed by the
European Space Agency (ESA), will constitute a major

ments in space;
4. As a manned orbiting laboratory for carrying out
investigations requiring ''hands-on" access to
equipment, samples, and live specimens.

new tool for research in Space Science.
As part of the preparations for using this new tool, during
the past several years literally hundreds of Government,
industry and university scientists have worked with NASA
to consider in detail what kinds of science might best be
done from the Shuttle and what instruments might be

In this paper an overview will be given of current planning
for use of the Space Shuttle as a tool for carrying out
NASA's program in Space Science. Specific programs will
be discussed in order to (1) illustrate the various types of
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Shuttle/Spacelab useage; (2) identify some of the types of
research which will be carried out; (3) describe some of the
major scientific instruments which are expected to be devel
oped for use on the Shuttle in the mid-1980s. Complements
of scientific instruments have now been selected for devel
opment and flight on several of the early Shuttle/Spacelab
missions and these early missions will also be discussed. The
instruments on these first payloads are, in many respects,
representative of and precursors to the types of equipment
which will be flying later on in the program and will pro
vide valuable experience in learning to work with the
Shuttle.
THE SHUTTLE AS A LAUNCH AND SERVICE VEHICLE
As a vehicle for launching spacecraft, the Space Shuttle will
replace virtually all of the expendable launch vehicles cur
rently in use. It will, of course, not replace sounding rockets
for low altitude or vertical profile measurements. For
launch into near-earth orbit (200-900 Km), a satellite can
simply be brought up in the Shuttle and released. For mis
sions having requirements beyond near-earth orbit, an
additional propulsion stage or stages are required. In this
case both the satellite and the propulsion stage will be de
livered into orbit and released. The propulsion stage will
then be fired. In particular, for geosynchronous and deep
space missions an Inertial Upper Stage (IUS) is currently
being developed (Figure 2). In the currently approved pro
gram, both the Galileo and International Solar Polar Mis
sions will be launched using a three-stage IUS. In addition,
planning for the Venus Orbiting Imaging Radar (VOIR)
mission is proceeding on the basic of using a two-stage
version of the IUS.
One major new capability introduced by the Shuttle which
has never been available before is satellite recovery. If, after
launch, a satellite is not operating properly it can be re
trieved and brought back down to Earth for repair. Opera
ting satellies can also be serviced in orbit or brought down
to Earth for refurbishment. The Space Telescope program
depends in a fundamental way upon such use of the Space
Shuttle. In addition to being launched and checked out in
orbit by the Shuttle, it will be visited periodically by the
Shuttle for maintenance and repair and replacement of
focal plane instruments (Figure 3) and will be brought back
to the ground using the Shuttle for major refurbishment.
Current schedules call for the first in-orbit maintenance to
occur 2 1/2 -3 years after launch with recovery, refurbishment,
and relaunch about 2 1/2 years after that. This cycle will be
repeated throughout the lifetime of the telescope which
will be 15 years or more. The actual schedule will, of
course, depend upon the performance of the focal plane
instruments and other key system components. Because of
the existence of the Shuttle, the Space Telescope, unlike
previous astronomical satellites, will be a true observatory
accommodating a variety of instruments which can be
changed and updated as both scientific priorities and instru
ment or detector capabilities evolve. Other potential major

missions in NASA's astrophysics planning such as the
Advanced X-Ray Astrophsics Facility (AXAF) will make
similar use of the Shuttle to develop a long-lived observa
tory capability in space.
THE SHUTTLE AS AN OBSERVATION PLATFORM
For Space Science disciplines such as Astronomy, High
Energy Astrophysics, and Solar Physics, the main use of the
Shuttle/Spacelab system will be as a carrier of instrumenta
tion for performing passive observations. For investigations
for which the Shuttle pointing accuracy of + 1/2° and stabili
zation of about +0.1° are adequate, instruments may be
mounted directly on Spacelab pallets. If higher pointing
accuracy and stability are needed (as is the case for most
astronomical and solar research) an auxiliary pointing sys
tem such as the Instrument Pointing System (IPS) being
developed by ESA must be used. The expected perfor
mance of the IPS is summarized in Table 1. Where two
numbers are given, the numbers refer to performance with
heavy (2000 Kg) and light (200 Kg) payloads.
There are a number of identifiable Shuttle/Spacelab capa
bilities which should be of particular use for carrying out
astrophysical and solar research. These capabilities are
summarized in Table 2. Many of the experiments which will
be flown even on the earliest missions (to be discussed later)
have, in fact, been specifically selected to take advantage
of these capabilities.
In general, the scientific instruments which are expected to
be developed for use on Shuttle can be divided into two
broad categories: Principal Investigator (PI) class instru
ments and large Multi-User Instruments (or facilities). PI
class instruments are ones which can be built by individual
scientists or small scientific teams. These individuals may
wish to use specialized instruments for limited programs or
for exploratory studies involving tests of techniques or
instruments which may later be used on free flyers. The
Multi-User Instruments will have the versatility and flexi
bility to be useful for a wide range of scientific problems
and will serve as "work-horses" being designed, developed
and used by a broad segment of the scientific community.
In astronomy and solar physics, focal plane instruments for
facility telescopes will probably be developed by individual
scientists and then become part of the facility. It is also
expected that some instruments initially developed by
Principal Investigators will ultimately become facilities.
The major astrophysics and solar physics Multi-User Instru
ments which have been studied over the past few years
include two astronomical telescopes (a meter-class ultra
violet/optical telescope called STAR LAB and SIRTF-The
Shuttle Infrared Telescope Facility which is a meter-class
cryogenically cooled infrared telescope), two solar tele
scopes (a meter-class Solar Optical Telescope, or SOT, and
a hard X-ray imaging instrument) and a modular, large area
moderate angular resolution (LAMAR) celestial X-ray
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telescope. A number of Multi-User Instruments have also
been studied for use in space plasma physics and will be
discussed in the next section.
Because of current financial constraints, it will not be pos
sible to proceed with the simultaneous development of all
of these facilities at an early stage of the Multi-User Instru
ment program. Among the astrophysical and solar instru
ments, current planning calls for starting SOT and SI RTF
first with LAMAR and STARLAB being phased in later in
the program as resources permit. Care must also be taken to
maintain a suitable balance between PI and Multi-User
Instruments taking properly into account, however, the
particular requirements of each scientific discipline. In high
energy astrophysics, for example, emphasis will probably be
placed on the development of specialized instruments by
individual investigators whereas the needs of astronomy
appear to be met best by the development of facility tele
scopes with a variety of instruments at the focal plane.
The Solar Optical Telescope will be used for the study of
small-scale features on the surface of the Sun. The design
goal is to achieve an angular resolution of 0.1 arc seconds
over a 6 arc minute field of view. The basic version of the
SOT is shown in Figure 4. The high angular resolution is
achieved through the use of an articulated primary mirror.
Instruments can share the prime focus or can be indepen
dently mounted (or clustered) around the SOT structure
for co-observation using their own collecting optics. A third
option is to provide a multi-use Gregorian mirror assembly
with a two-axis beam steering tertiary mirror which could
feed light to several instruments mounted on the SOT
structure. Focal plane instruments could evolve from a few
relatively simple -instruments on the first flights to more
complex instrument clusters on later flights with combina
tions of instruments being optimized for the study of
particular problems.
The Shuttle Infrared Telescope Facility is being designed to
study the very cold regions of space where cosmic gas and
dust are condensing into stars, cool solar system objects
such as asteroids, and infrared emitting extragalactic objects.
A schematic drawing of the SI RTF telescope is shown in
Figure 5. Basic design parameters for the current SI RTF
concept are summarized in Table 3. Despite the limited
observing time, both the use of cryogens and the rapidly
changing state of infrared detector technology dictate the
use of SI RTF on Shuttle flights, at least initially. The
capability for continually upgrading and reflying instru
mentation will ensure that state-of-the-art improvements
can be relatively rapidly incorporated into the SI RTF focal
plane instrumentation.
ACTIVE AND CONTROLLED EXPERIMENTS USING
THE SPACE SHUTTLE: SPACE PLASMA PHYSICS_____
A new era in Space Plasma Physics will be introduced by

the Space Shuttle. Previous efforts in this field have been
devoted to large-scale data gathering with the objective of
surveying and cataloging major atmospheric constituents,
the charged particle populations, and electric and magnetic
fields as well as providing a description of their first order
variation with position, time and solar activity.
In the 1980s, the main thrust of research is expected to
shift toward quite specific cause-and-effect studies aimed at
the detailed understanding of physical mechanisms and pro
cesses in which plasmas play a major role. Especially suit
able for these experiments are the processes that stimulate
instabilities, accelerate particles and transforms energy from
one form to another. Appropriate instrumentation flown
on the Shuttle will provide the means for testing specific
hypotheses by carrying out controlled experiments. The
physical conditions found at Shuttle orbital altitudes also
provide a unique environment for carrying out fundamental
plasma physics experiments under conditions which cannot
be duplicated in earth-bound laboratories. New generations
of experiments will be made possible by the high weight
carrying capacity of the Shuttle, relatively large amounts of
power available (compared to typical free-flyers of the past)
and availability of man for adjusting instruments in real
time to maximize the effects and optimize the data col
lected.
As the result of the flexibility offered by Spacelab, instru
ment complements can be tailored to meet specific scien
tific objectives. The bulk of the research will be carried out
either by a properly designed and closely coordinated series
of passive measurements or by the introduction of con
trolled perturbations with careful measurements of their
effects.
Natural perturbations are highly unpredictable and their,
initial conditions are difficult to establTsh. Active experi
ments can be designed to break into some of the chains of
cause-and-effect relationships in a complex system such as
the ionosphere-magnetosphere by introducing, at appropri
ate points, man-made perturbations with various welldesigned initial conditions. For example, in order to investi
gate a broad range of plasma interactions it will be possible
to carry instrumentation to stimulate the magnetospheric
plasma by injecting electromagnetic waves, by injecting
streams of charged particles and by injecting cold plasma.
These interactions can be observed by carefully measuring
their effects: detecting perturbations in the ambient parti
cle spectra, observing the airglow emission and receiving the
radio waves. Some of these observations can be made from
Spacelab, some from a boom, and others will require subsatellites a suitable distance away. In other areas, chemical
release mechanisms can be used to inject clouds and trails
into the ionosphere, to perform perturbation experiments
and investigate the dynamics of the atmosphere and iono
sphere. Shuttle flight durations of one to two weeks are
sufficient to carry out most of the specific studies which
have been suggested.
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Studies undertaken over the past several years nave identi
fied a set of core instruments required to perform space
plasma and magnetospheric physics experiments from
Spacelab. This core equipment includes electron and ion
accelerators, a plasma gun, remote chemical and gaseous
injection devices, transmitters and antennas, a wide variety
of diagnostic instruments for providing measurements of
the local environment (e.g., magnetometers, electrostatic
charged-particle energy analyzers, Langmuir probes, mass
spectrometers and loop or search coil antennas), long boom
assemblies and subsatellites.
As in the case of the instruments discussed earlier, both
Principal Investigator-class and Multi-user class facilities
will be developed. Since virtually all of the instrumentation
used in this field can, in fact, be employed to study a broad
range of problems, it is envisaged that many of the instru
ments originally developed by individuals will ultimately be
available for use as facilities by a wide segment of the scien
tific community.
Current planning calls for starting development of a Chem
ical Release Module (CRM) as the first of the Multi-user
instruments in Space Plasma Physics. Some of the many
scientific problems which can be addressed using chemical
releases are summarized in Table 4. Typical chemicals likely
to be used in early experiments include lithium, sodium,
barium and strontium. Observations of chemical releases
can be carried out from the ground, aircraft and the Shuttle.
Some possible CRM configuraltions for use in near-Earth
missions are shown in Figure 6. Such configurations can be
built by using canisters contained in a number of small
modules. In a 5500 Kg configuration, nearly 4400 Kg of
chemicals can be carried. Releases will, in the majority of
cases, be conducted directly from the CRM. The propulsion
devices-on CRM can carry the payloads into a variety of
orbits well removed from the Shuttle, and the canisters can
be released on command where and when desired.
THE SHUTTLE AS A MANNED ORBITING LABORA
TORY__________________________
The principal user of the Manned Module for carrying out
investigations in Space Science will be .the Life Sciences
Program. Spacelab will serve as a unique facility in which
for the first time routine, systematic, hands-on biological
and medical research can be carried out in the zero-gravity
of space. Previous opportunities to carry out Life Sciences
research on U.S. manned spaceflights were limited by many
factors such as weight and volume restrictions, crew time
availability and low frequency of missions. The hospitable
Spacelab module environment will permit government,
university and industry scientists to conduct their work in
space performing experimental manipulations and using
instruments commonplace in laboratories on Earth. Labora
tory facilities will accommodate a broad range of test speci
mens for biological, biomedical, behavioral and techno
logical investigations. Increased flight frequency will enable

scientists to test hypotheses as they evolve from past
findings.
Current plans call for flying the bulk of U.S. Life Sciences
investigations on dedicated Spacelab module missions
(Figure 7). Small experiments may also be performed in
the pressurized cabin of the Shuttle Orbiter. Environmental
conditions in the Spacelab Module and Orbiter cabin are
summarized in Table 5. Specimens and samples may be
loaded on board the Spacelab up to 13-17 hours before
launch and removed between 1-30 hours after landing.
In preparing to use the Shuttle for Life Sciences research,
particular attention has been paid to identification of
instrumentation to be developed by NASA to constitute a
pool of Life Sciences Laboratory Equipment (LSLE). This
approach has been taken in order to reduce costs, minimize
duplication and permit common hardware to be used for
several experiments. The LSLE in the dedicated, pres
surized Spacelab will be designed for modularity so that
equipment can be readily changed from flight to flight to
support changing mixes of flight experiments. Three
criteria have been used to select and schedule instruments
for design and development: anticipated demand by flight
experiments; lead-time required for development; and
development costs. Analysis of more than 1700 responses
submitted in response to "An Invitation to Participate in
Planning the NASA Life Sciences Program in Space" issued
in 1975 has formed the basic for estimating the likely
demand for various types of equipment. The preliminary
list developed from the results of this analysis has been
confirmed by study of equipment requirements identified
by investigators responding to an Announcement of Oppor
tunity for Life Science space flight investigations in the
1981-83 period. Instruments with high demand, long leadtimes and acceptable costs will be developed first,- while
instruments with low demand, short lead-times or high
costs will be developed only when needed to support
specific approved flight experiments. Examples of general
types of potential Life Sciences Laboratory Equipment are
listed in Table 6. Particular items which have been recom
mended for early development include cryogenic (-190°C)
and low temperature (-70°C) freezers, a blood aspirator
and centrifuge, a sterilizer, small vertebrate holding facili
ties, a gas analyzer, and a mass spectrometer. A prototype
of a general purpose workbench is shown in Figure 8.
Prototypes of other units such as small mammal and pri
mate holding facilities and a plant growth unit have also
been developed.
In Life Sciences space research, mission duration is a
critical feature in planning flight experiments. Some phe
nomena occur with the onset of weightlessness, while
others seem to occur after extended periods of space flight.
Some changes are either progressive or adaptive with in
creased exposure to space. Furthermore, many biological
investigations require relatively long durations for test
specimens to pass through critical phases or stages or per-
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in Table 10. An artist's concept of the Spacelab 2 payload
is shown in Figure 12. The two small Life Sciences experi
ments will be carried in the Orbiter mid-deck.

haps through several generations. A careful analysis has
been made of the mission duration required to carry out
investigations in a number of general Life Sciences research
areas. The results of this study are summarized in Table 7.
These findings have been used to identify research areas for
the first series of dedicated Life Sciences Shuttle/Spacelab

Many of these experiments will provide important informa
tion on Shuttle environmental characteristics as well as on
the engineering performance of the Shuttle/Spacelab sys
tem iteself. Data on vehicle charging and on the electro
magnetic environment of the Orbiter bay will be obtained
from instrumentation on the Orbital Flight Test pallet. The
small cryogenically cooled telescope on Spacelab 2 will
make measurements of the "atmosphere" generated by the
Shuttle itself—a necessary precursor to more detailed infra
red studies on later missions. The solar instruments on
Spacelab 2 will provide a stringent test of the performance

missions.
The priority areas of investigations for the first series of
Spacelab flights consists of phenomena of concern in short
duration missions. In the medical area, these are space
motion sickness, redistribution of body fluids, cardio
vascular deconditioning and related biochemical and
hormone changes. In the biological area, these are animal
and plant development in reduced gravity including repro
duction, growth and morphology, and cellular and tissue
biology including radiobiology. Technology investigations
required to support the human, animal, plant and cellular
experiments in these categories are also needed. Results
obtained from the early flights will be studied carefully to

of the Instrument Pointing System.

see if there is any need to adjust these priorities.
THE EARLY SPACELAB MISSIONS
The detailed process of learning how to work with the
Shuttle/Spacelab system has begun with a series of mission
simulations and with the selection and initiation of devel
opment of experiments for several of the early missions.
Mission simulations have included flights of experiments on
aircraft (the Airborne Science Shuttle Experiments System
Simulation (ASSESS) program) and integration and opera
tion of Life Sciences experiments for periods up to seven
days in a full-scale mockup of the Spacelab long module
(Spacelab Mission Development Tests).
Turning to actual flight investigations, one pallet of Office
of Space Science selected instruments is currently sched-"
uled for flight on the fifth Orbital Flight Tesf in late 1980.
The selected experiments and investigators are listed in
Table 8 and an artist's concept of the layout of the instru
ments on the pallet is shown in Figure 9. Spacelab 1, cur
rently scheduled for flight during the third quarter of 1981,
will be the first flight of the Manned Module which will be
used for experiments in materials science, space medicine
and space biology. Instrumentation for use in upper atmo
sphere research, Earth observations, space plasma physics
and astrophysics will also be carried on a single pallet. This
mission is jointly sponsored by NASA and ESA and will
contain experiments developed* by both the European and
American scientific communities. The NASA-selected
investigations are listed in Table 9. Figures 10 and 11 show
artist's concepts of the Manned Module and the experiment
arrangements on the Spacelab 1 pallet. Spacelab 2 (now
scheduled for launch in early 1982) will be the first flight
of the pallet-only version of Spacelab. Scientific emphasis
on this mission is in solar physics and astrophysics. Investi
gations which have been selected for this mission are listed

Many of the new capabilities described earlier for carrying
out investigations in Space Science will also be demon
strated on these early flights. A number of active experi
ments will be carried out. The Spacelab 1 payload includes
a particle accelerator (SEPAC) which will be used to study
the interaction of charged particle beams with the magnetosphere and ionosphere as well as to measure the effect of
phenomena in the vicinity of Spacelab (Figure 13). This
accelerator, incidentally, provides a prime example of the
type of space plasma experiment initially developed by an
individual investigator which is likely to become a facility.
The Spacelab 2 plasma diagnostics package will utilize a
small, battery-powered subsatellite launched from the
Shuttle during the early part of the mission. The Orbiter
will then be maneuvered around this subsatellite in order
to study the interaction of a large, partially conducting,
partially insulated body wth the ionosphere. In another
Spacelab 2 investigation, the thrusters on the Orbiter will
be fired in an attempt to create "holes'- in the ionosphere
that can be detected by observers on the ground. Such
ionospheric holes were first noticed during the Skylab
launch in 1973. The plasma diagnostics subsatellite will
make in-situ measurements of particle populations at the
same time that the ground-based measurements are being
made. The solar instruments on Spacelab 2 will be con
trolled 4rom the Orbiter cabin by the payload specialists
who will select particular regions of interest on the Sun for
study in much the same fasbion as was done on Skylab. All
four of the payload specialist candidates for this mission
(two of them will actually fly) are co-investigators on
experiments and highly trained solar physicists. Experience
obtained on this mission will be of great value in assessing
future on-board operations of astronomical telescopes
where scientist members of the crew may operate equip
ment, check system status, identify star fields and acquire
specific targets for detailed study (Figure 14).
Looking beyond these early missions, current plans in the
physical sciences are to have one additional multidisciplinary flight of investigator-class pay loads in 1982 with an
increase in flight frequency to a two flight per year program
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by 1984. Multi-user facility-class instrument development
will start in Fiscal Year 1980 with an average rate of initia
tion of one new instrument per year planned. The first
flight of a multi-user instrument should take place in 1984.
As the "stable" of scientific instruments increases, it is
planned to fly the two classes of instruments together on
discipline-dedicated payloads, exploiting the full capability
of Shuttle/Spacelab. In addition to this, approximately one
flight per year of the large version of the Manned Module
for Life Sciences investigations is also planned starting in
the third quarter of 1982.
During 1978, Announcements of Opportunity (AO) solic
iting investigation in both the Life and Physical Sciences
were issued and the proposals which were received are now
in the final stages of evaluation. In keeping with the more
flexible opportunities presented by Shuttle/Spacelab, these
AOs did not solicit experiments and investigations for
specific flight opportunities. Instead, investigations will be
selected for development on the basis of their scientific
merit, and a flight assignment will be made when develop
ment of each instrument has proceeded to the point where
a reasonable estimate can be made of when it actually will
be ready for flight.
SUMMARY AND PROSPECTUS
This article has described some of the important new
capabilities which the Shuttle/Spacelab system will provide
for Space Science. Problems associated with the realization
of these capabilities must not be minimized, however. The
Shuttle and Spacelab are complex new tools. Learning to
work with them during the first few years of operations
will, at times, be a painful p/ocess demanding great effort
and great patience on the part of both the Shuttle/Spacelab
developers and the scientific community.
Shuttle limitations must be clearly recognized. Care must
be taken to ensure that-the Shuttle is used to carry out
scientific programs which are well matched to its strengths
and to refrain from trying to use it to carry out experi
ments which could be better done some other way. For
example, because of the relatively limited flight time
(which for many applications is, perhaps, the most irrTportant current limitation of the Shuttle) it would make little
sense to try to carry out astronomical programs from the
Shuttle requiring continuous observations over a long per
iod of time (e.g., studies of the ultraviolet light variations
of many types of variable stars). In Solar Physics, however,
characteristic time scales for the variability of important
solar features range from seconds to a few days and so
flights of one to two weeks duration are adequate for
obtaining meaningful observations. Studies are also now
being done of possible ways in which mission duration
might be increased or Shuttle-based instrumentation off
loaded on free-flying pallets or platforms for those cases
for which longer flight time is essential. Limitations im
posed by technical obstacles must also be considered and

removed, if possible. Orbiter-induced environmental dis
turbances, for example, still remain a potentially formid
able problem for many types of sensitive plasma measure
ments.
Formulation of efficient management techniques for
development of Spacelab instruments and combination of
these instruments into Spacelab missions has provided
NASA with a whole new set of challenges. Many important
issues must still be resolved. For example, great efforts
have been made to reduce significantly the documentation
required to fly experiments on the Shuttle. However, as
noted earlier, certain Pi-developed instruments will un
doubtedly be suitable for use by a broader segment of the
community as "mini-facilities." How can these instruments
be made available for meaningful use by scientists other
than the original developers without substantially reescalating the documentation requirements and hence the
costs? In general, in order to maximize the scientific re
turn from Shuttle flights, careful attention will have to be
paid to reducing the costs associated with mission manage
ment and mission integration.
Despite these caveats, the scientific potential is there,
and the major challenge of the Shuttle program will be to
realize that potential. With the participation of an imagina
tive, dedicated and ingenious scientific community, use of
the Shuttle can be expected to lead to profound changes
in the direction of Space Science during the next ten years.
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TABLE 1
Current IPS Performance Predictions

Pointing Accuracy

Quiescent Stability

Man Motion Disturbance

Thruster Firing
(30 M Sec Vernier Thr.)

Stability Rate

Design Goal
(Arc Sec)

Contract, Req.
(Arc Sec)

Performance Characteristic
Los

2

Roll

40

0.8
15

Current Simulation
(Arc Sec)
0.9
6.6

Los

0.33

0.9

Roll

1.6

1.8

Los

3/5.1

1/1.7

4/1.5

Roll

10/17.

4/6.8

4

Los
R u

3/5.1

1/1.7

1./0.9

10/17.

4/6.8

4.

Los

60 Sec-1

Roll

130 Sec-1

25./22 Sec-1
130. Sec-1

200 Kg/200 Kg Payload

TABLE 2
Some Unique Shuttle/Spacelab Capabilities of Particular Use
for Astronomy/Astrophysics/Solar Physics

Capability for carrying large masses
scientific
Capability for optimizing scientific instruments or combinations of instruments for particular
objectives
requiring
Capability for employing instrumentation using limited life expendables (such as cryogens) or
allowing
physical return of data and equipment (permitting use of degradable optical coatings, or film,
pre and post flight calibration of detectors in the laboratory)
Capability of evolutionary developing of instrumentation and reflight of upgraded instruments
Availability of long observation times compared with rockets or balloons
Utility for experimental programs having specific, limited objectives
Participation of man where appropriate
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TABLE 3
SIRTF Telescope Characteristics

Optical Layout

Double-Folded Gregorian

Aperture Diameter

1.16 meter

Field-of-View Diameter

15 arc minutes

f-Number

6.9

Area Obscuration

25 percent

Image Quality

Diffraction Limited at 5 ju

Diffraction Limited Field-of-View
(2.4X)
D

2 arc seconds at 5 /im

Space Chopping Travel, Maximum

+7.5 arc minute

Pointing Accuracy

+ 1 arc second

Pointing Stability

0.25 arc second

Optics Temperature

8-22°K

TABLE 4
Representative Scientific Problems Requiring the Use of Chemical Releases

• Ionospheric Depletion

• Wind Generation

• Gravity Wave Generation

• Hydromagnetic Wave Generation
• Conductivity Modifications

• Equatorial Ionosphere:
Bubbles, Instabilities, Irregularities

• Ambjent Gravity Waves

• High Velocity Cloud Dynamics

• Auroral Belt Electric Fields

• Auroral Particle Acceleration
(near Earth)

• Critical Velocity Experiment
• High Latitude Winds

• lonosphere-Magnetosphere Ion Flow:
Composition Anomolies, Troughs, etc.

• Auroral Shell Seeding (near Earth):
Exploratory Plasma Physics,
Auroral Modification

• Equatorial Magnetosphere:
Cold Plasma Injections,
Wave-Particle Interactions
• Artificial Comet

• Outer Magnetosphere Ion Tracing:
SW Entry, Cleft Flow, Tail Flow, etc.

• Atmospheric Chemistry

• Electric Field Measurements
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TABLE 5
Environmental Parameters (Spacelab Module)

Gravity

—

Up to 3 g (1 minute during launch)

—

ID'4 to 10-6 g (spacecraft drifting)

—

10-3 g (spacecraft maneuvering)

—

Up to 1.5 g (12 minutes during descent)

Temperature

-

18°-27°C. (adjustable)

Atmosphere

—

760 mm Hg
21% 02, 79% N2

Humidity

25% to 70% RH-(non-adjustable)

Acoustic Noise

130—137 db (6 seconds during launch)
120—125 db (15 seconds during ascent)
65-81 db(on-orbit)
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TABLE 6
Examples of Potential Life Sciences Laboratory Equipment (LSLE)

A. Specimen Accommodations (Holding Units and Transporters)
• Plants
• Animals
• Microorganisms
B.

Sample Preparation and Preservation
• Freezers and Refrigerators
• Small Centrifuge
• Kits for Hematology, Urine, Staining, and Fixing

C.

Environmental Monitoring
• Radiation
• Accelerometers
• Air and Sound Monitoring

D. Physiological and Biomedical Measurements
• Exercise Equipment
• EMG, FCG, and Plethysmography
• Cardio- and Pulmonary Functions
E.

Physical Measurements
• Mass and Time Measuring Equipment

F.

Microscopy

G. Photographic Data
• Still, Motion, Videopicture
• Recording and Transmission
H. Analog and Digital Data Converters, Computers, Display
• Recorders and Transmission
• Voice
I.

Maintenance and Housekeeping
• Tools, Storage, Radiological Kits

J.

Experiment Operations
• Interfaces with Computer, Electrical Services, Telemetry, and Thermal Systems
• Racks and Stowage
• General Supplies, Chemicals, Film Radioactives
• Airlock, High Quality Optical Window
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TABLE 7
Distribution of Research Objectives Across Space Flight Durations

Duration of Space Flight
18-30 Days

30 Days

General Research Objective

7-17 Days

Biology
• Mutation
• Biokinetics
• Bionenergetics
• Sensory & Regulatory Systems
• Developmental Biology
• Radiobiology
• Life Support Applications

Primary
Primary
Secondary
Primary
Primary
Primary
Secondary

Primary
Primary
Primary
Primary
Primary
Primary
Primary

Primary
Secondary
Secondary
Secondary
Primary
Primary
Primary

Biomedicine
• Space Sickness
• Cardiovascular Deconditioning
• Muscular Deconditioning
• Bone Loss
• Red Blood Cell Changes
• Fluid & Electrolyte Shifts
• Immunology
• Epidemiology
• Basic Research

Primary
Primary
Primary
Secondary
Secondary
Primary
Secondary
Secondary
Primary

Secondary
Primary
Primary
Primary
Primary
Secondary
Primary
Secondary
Primary

Secondary
Primary
Primary
Primary
Primary
Secondary
Primary
Primary
Primary

Behavior & Performance
• Human Capabilities
• Integrated Responses
• Crew Qualification
• Design & Operations
• Basic Research

Primary
Primary
Primary
Primary
Primary

Secondary
Secondary
Primary
Primary
Primary

Primary
Secondary
Primary
Primary
Primary

Technology
• Laboratory Systems
• Advanced Life Support
• Biomedical Technology
• Space Flight Applications

Primary
Primary
Secondary
Secondary

Primary
Primary
Primary
Primary

Secondary
Primary
Primary
Primary

TABLE 8
OSS - Selected OFT-Investigations

S. Shawhan (University of Iowa)

An Ejectable Plasma Diagnostics Package (PDP) for the
Space Shuttle Orbital Flight (OFT) Mission

P. Banks (Utah State University)

Investigations of Vehicle Charging and Potential on
the Orbital Flight Tests

J. Weinberg (Suny/Albany)

Characteristics of the Shuttle/Spacelab Induced
Atmosphere

S. Ollendorf(GSFC)

Thermal Canister Experiment

R. Novick (Columbia University)

Solar Flare X-Ray Polarimeter Experiment

G. Brueckner (NRL)

A Solar Ultraviolet Spectral Irradiance Monitor Onboard
the Space Shuttle OFT Missions

J. Cowles (University of Houston)

A Study of the Influence of Weightlessness on Lignification in Developing Plant Seedlings
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TABLE 9
NASA Selected Investigations on the Spacelab 1 Payload

M. Torr (University of Michigan)

An Imaging Spectrometric Observatory

C. Farmer (JPL)

Atmospheric Trace Molecules Observed by Spectroscopy

T. Obayashi (University of Tokyo)

Space Experiments with Particle Accelerators (SEPAC)

S. Biswas (Tata Inst. of Fundamental Research)

Studies of the lonization States of Solar and Galactic
Cosmic Ray Heavy Nuclei

S. Mende (Lockheed Missiles & Space Co.)

Photometric Imaging of Atmospheric Emissions

S. Bowyer (University of California/Berkeley)

Far UV Observations Using the Faust Instrument

R. Willson (JPL)

Active Cavity Radiometer Solar Irradiance Monitor

E. Benton (University of San Francisco)

HZE Particle Dosimetry

A. Brown (University of Pennsylvania)

Nutation of Helianthus Annus in a Microgravity
Environment

L. Young

Vestibular Experiments

S. Kimzey (NASA/JSC)

Influence of Space Flight on Erythrokinetics in Man

F. Sulzman (Harvard Medical School)

Preliminary Characterization of Persisting Circadian
Rhythms during Spaceflight

M. Reschke (NASA/JSC)

Vestibulo-Spinal Reflex Mechanisms

E. Voss (University of Illinois)

Effects of Prolonged Weightlessness on the Humoral
Immune Response of Humans

J. Hart (University of Colorado)

Geophysical Fluid Flow Experiment

C. Pan (Shaker Research), A. Whitaker
(NASA/MSFC) and R. Cause (NASA/MSFC)

Wetting, Spreading, and Operating Characteristics^
Bearing Lubricant in a Zero-G Environment

4-21

TABLE 10
The Spacelab 2 Payload

P. Meyer and D. Muller
(University of Chicago)

Elemental Composition and Energy Spectra of
Cosmic-Ray Nuclei

A. P. Willmore
(University of Birmingham, England)

Hard X-Ray Imaging of Clusters of Galaxies and Other
Extended Sources

A. M. Title
(Lockheed; Palto Alto, California)

Solar Magnetic and Velocity Field Measurement System

A. H. Gabriel (Appleton Lab., England)
J. L. Culhane (University College, London)

Solar Coronal Helium Abundance

G. E. Brueckner
(Naval Research Laboratory)

Solar Ultraviolet High-Resolution Telescope and
Spectrograph

G. G. Fazio
(Smithsonian Astrophysical Observatory)

Small Helium-Cooled Infrared Telescope

S. D. Shawhan (University of Iowa)

Ejectable Plasma Diagnostics Package

M. Mendillo (Boston University)
A, V. da Rosa (Stanford University)

Plasma Holes for Ionospheric and Radio Astronomy
Studies

G. E. Brueckner (Naval Research Laboratory)

Solar Ultraviolet Spectral Irradiance Monitor-

H. K. Schnoes (University of Wisconsin)

Vitamiif-D Metabolites'and Bone Demineralization

J. R. Cowles (University of Houston)

Interaction of Oxygen and Gravity-Influenced
Lignification

W. Lange (Bell Aerospace Textron)

In-Orbit Calibration of Mesa Low-G Accelerometer

P. Mason (Jet Propulsion Laboratory)

Dynamical and Thermal Properties of Superfluid Helium
in Zero Gravity

4-22

FIGURE CAPTIONS
Figure 1.
A schematic view of the Spacelab pressurized
module being built by the European Space Agency for use
in the Space Shuttle cargo bay. A pallet segment is also
shown. Possible Spacelab configurations which may be
flown range from a large module only to four or five con
nected pallet segments. Both long and short versions of the
module may be flown with a number of pallets.

Figure 9. Arrangement of experiments on the Office of
Space Science (OSS) Orbital Flight Test (OFT) pallet. This
pallet of instruments is currently scheduled for flight on
OFT Number 5 in late 1980.
Figure 10. Artist's concept of the First Spacelab Payload.
The Manned Module will be used for experiments in mate
rials science, space medicine and space biology.

Figure 2.
An artist's concept of the Inertial Upper
Stage (IUS). The IUS is being developed to launch both
geosynchronous and deep-space missions. Three stage
versions of the IUS will be used to launch both the Galileo
and International Solar Polar Missions.

Figure 11. A detailed view of the layout of experiments on
the Spacelab 1 pallet. Much of the unique structure is
required in order to ensure that the instruments on the
pallet do not interfere with each other.

Figure 3.
On-orbit servicing of the Space Telescope by
Space Shuttle crewmen. The remote manipulator arm will
be used to bring the telescope into the Orbiter cargo bay
for replacement of the modular focal plane instruments or
other required maintenance.
Figure 4.
A cutaway search of the basic version of the
Solar Optical Telescope (SOT). Instruments can share the
prime focus or can use their own collecting optics and be
independently mounted around the basic SOT structure.
Figure 5.
A schematic drawing of the Shuttle Infrared
Telescope Facility (SIRTF). Observation above the obscur
ing and emitting atmosphere and the use of cryogenically
cooled optics will permit more than a thousand-fold in
crease in sensitivity even at those wavelengths which can be
observed from the ground and a hundred-fold increase in
sensitivity over a spaceborne warm optical system like the
Space Telescope.
Figure 6.
Several possible configurations for the Chemical
Release Module (CRM). Configurations' are built up using
canisters contained in a number of small modules with a
variety of chemicals available for use in a broad range of
scientific investigations.
Figure 7.
A full-sized mockup of the interior of the
Spacelab long pressurized module. Dedicated Spacelab pres
surized modules will be used for experiments in the Life
Sciences. This particular mockup was used in a 7-day Spacelab Mission Development Test (SMD-III) in early 1977 to
gain experience in experiment operations and equipment
design through a mission simulation.

Figure 12. The Spacelab-2 pay load. The large "dome" at
the rear, which is mounted on a special structure, is the
high energy cosmic ray experiment. The pallet in front of
this contains the cryogenically-cooled infrared telescope
and the small plasma diagnostics subsatellite as well as a
number of instruments for measuring the induced environ
ment. The instrument looking like a pair of binoculars is
the hard X-ray imaging experiment. Three major solar
instruments plus the ultraviolet solar spectral irradiance
monitor are mounted on the Instrument Pointing System
(IPS) being supplied by the European Space Agency. The
pressurized "igloo" containing electronics and power sup
plies is located in front of the pallet chain.
Figure 13. The particle accelerator on the Spacelab-1
mission will be used to study the interaction of charged
particle beams with the magnetosphere and ionosphere
as well as to study phenomena in the vicinity of Spacelab.
Many of the effects produced by the particle beams will
be observed using a law light levefTV camera.
Figure 14. An artist's rendition of the Orbiter aft cabin
payload station. Astronomical or solar telescopes located
on pallets in the Orbiter cargo bay may be operated from
this station in much the same way that ground-based tele
scopes are controlled from remote, enclosed control rooms
at a modern observatory.

Figure 8.
Prototype Spacelab General Purpose Work
bench. This is one of the types of units to be installed in
the Spacelab pressurized module for use in Life Sciences
experiments.
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